The modified zinc test is evaluated as a screening instrument in forensic semen identification using the classical acid phosphatase test as a "gold standard" reference. Both tests were applied to vaginal swabs taken from women (n = 456) at varying time periods after sexual intercourse and the corresponding sensitivity and specificity were calculated for both tests separately and for their parallel and serial combination strategies, with the microscopical visualization of sperm as end criterion. The results were submitted to Bayesian calculations and a model was obtained, giving the posterior probabilities of finding or not finding sperm in a microscopical preparate for any possible prior probability. For the largest part of the theoretical sperm prevalence range, negative predictions were more informative than positive ones. With the prior probability of finding spermatozoa set at P = 0.5 (Bayes' postulate of neutral prior probability), the model was applied to a set of 192 pieces of evidentiary material from alleged sexual assaults.
azoospermia and biodegradation due to a long delay between assault and sampling or improper storage of samples.
In 1983 Suzuki et al. [14] suggested that seminal zinc could be a valuable marker for semen traces in the forensic context and a good alternative for other, more degradable markers such as acid phosphatase. A spot test was proposed based on the formation of an insoluble complex of zinc with 1-(2-pyridylazo)-2-naphthol (PAN) (14, 15) . In an attempt to obtain a workable, simple technique for the preliminary screening of semen-suspected stains, we modified the initial reagent and obtained a test variant that showed to be more sensitive and suitable for the development of stable test paperstrips (5, 16) .
This article addresses part of the evaluation of this new test, focusing on the application of epidemiological principles in the evaluation of screening tests. Other aspects of the evaluation have been addressed elsewhere (5, 6) .
MATERIALS AND METHODS
The screening tests used were of a qualitative nature and consisted of a commercially available acid phosphatase test paperstrip [Phosphatesmo KM (Macherey-Nagel, Düren, Germany)] and the zinc test paperstrip we developed (16) . The microscopical investigation of spermatozoa was performed on preparates stained with alcalic fuchsin after a differential cell lysis of the suspected extract with proteinase K according to Chapman (17) .
In the initial study, vaginal swabs were obtained from 261 sexually active women at the occasion of a gynecological examination or pregnancy checkup. During the anamnesis, the physician asked for the approximate time period since last vaginal sexual intercourse. Women reporting the use of spermicidal products or a condom were excluded, as were those who reported menstrual bleeding in the time period between last intercourse and sampling. Later on, the study was repeated on vaginal swabs taken from 195 other women, for whom it was additionally known that they lived a regular monogamous life with a fertile partner. All swabs were transferred to the laboratory in a dry state and the investigators were not informed of the anamnestic data until the swabs had been processed.
On investigation, the swabs were moistened with two drops of physiological saline and the screening test paperstrips were pressed on the moistened swab in a randomly changed order. The color reaction was noted after 1 minute. The swab was then extracted in physiological saline and a microscopical preparate was made after treatment of the extract with proteinase K.
The data for the evaluation of the predictive model derived from the vaginal swabs studies were obtained from the investigation of 192 pieces of evidentiary material in cases of alleged sexual assault. These mainly consisted of vaginal swabs or washings (49%), underwear (30%), clothing (12%), and bed sheets (4%). For analysis purposes, all samples were regarded as being independent even if they came from the same case. The screening test paperstrips were applied to the moistened objects in a random order and the color reaction was noted after 1 minute. From each piece of evidentiary material a microscopical preparate was made, starting from a proteinase K-treated extract.
In the analysis, the classical qualitative acid phosphatase test was used as the "gold standard" reference and the visualization of spermatozoa as the end criterion. As earlier findings suggested that a screening battery based on multiple tests might well be the method of choice (18) and a combined screening test kit for zinc and acid phosphatase has recently become commercially available (12) , the analysis was expanded to include the parallel and serial combinations of both screening tests. In a parallel combination strategy, the final result is said to be positive if at least one of the tests is positive, whereas in a serial combination strategy all tests have to be positive before the final result is said to be positive (19) . Traditionally, parallel combination of test results raises the sensitivity at the inevitable cost of lowering specificity, whereas serial combination has an opposite effect. Figure 1 shows the sperm prevalence in microscopical preparates according to the time period since last sexual intercourse in both vaginal swabs studies. The overall sperm prevalence was 36% in the first study and 35% in the second. This small and statistically not significant difference may have arisen from different numbers of women with recent sexual intercourse: in the initial group, 21% reported intercourse within the last 24 h and 14% within 24-48 h before sampling, against 16% and 13% in the second group. The percentage of positive microscopical findings in samples taken after recent intercourse, on the other hand, was higher in the second group: 87% versus 80% for the 24 h sampling window and 68% versus 63% for the 24-48 h sampling window (difference statistically not significant). This finding may possibly be explained by the correction for eventual azoic partners present in the initial group, as this factor was corrected for only in the second study. In samples taken after longer abstinence periods (5 days or more), the rate of sperm positivity was lower in the second group of women. The hypothesis that some women from the first study, where no selection had been made as to the sexual lifestyle had, for one or another reason, falsely reported a long abstinence period, was occasionally confirmed by a microscopical picture of rather "fresh" sperm heads. However, it was felt that this bias was of minor importance to the object of the present study and the data from both groups were taken together for further calculations. For both vaginal swabs studies taken together, Table 1 gives the overall sensitivity and specificity of the zinc test and the acid phosphatase test separately and of their parallel and serial combinations. Starting from these parameters, Figs. 2 and 3 for all possible prior probabilities of finding spermatozoa in microscopical preparates show the evolution in the positive predictive values (i.e., the probability of finding spermatozoa given a positive screening test result, or positive posterior probability) and the negative predictive values (i.e., the probability of not finding spermatozoa given a negative screening test result, or negative posterior probability). When the prior probability of visualizing spermatozoa is set at the highest uncertainty level [equal chances on finding or not finding spermatozoa (P = 0.5)], the positive predictive values are 0.87, 0.80, 0.78, and 0.90, respectively, for the zinc test, the acid phosphatase test, the parallel combination strategy, and the serial combination strategy. The negative predictive values under that condition are 0.98, 0.89, 0.99, and 0.90, respectively. TABLE 1. Sensitivity and specificity (and 95% confidence interval) of tests of vaginal swabs taken after different time periods since last sexual intercourse (n = 456).
RESULTS
FIG. 2. Probability of (not) finding spermatozoa in microscopical preparates according to the foregoing screening test result and the prior probability of microscopical visualization of spermatozoa. Solid lines: predictions from the point-estimated sensitivities and specificities; dashed lines: predictions from the lower and the higher CL95 values of the sensitivities and specificities. ZN(+), probability of finding spermatozoa given a positive zinc test; AP(+), probability of finding spermatozoa given a positive acid phosphatase test; ZN(-), probability of not finding spermatozoa given a negative zinc test; AP(-), probability of not finding spermatozoa given a negative acid phosphatase test. Reference line: equal prior probability of finding and not finding spermatozoa.
FIG. 3. Probability of (not) finding spermatozoa in microscopical preparates according to the foregoing screening test result and the prior probability of microscopical visualization of spermatozoa. Solid lines: predictions from the point-estimated sensitivities and specificities; dashed lines: predictions from the lower and the higher CL95 values of the sensitivities and specificities. PAR(+), probability of finding spermatozoa given a positive zinc or acid phosphatase test; SER(+), probability of finding spermatozoa given a positive zinc and acid phosphatase test; PAR(-), probability of not finding spermatozoa given a negative zinc and acid phosphatase test; SER(-), probability of not finding spermatozoa given a negative zinc or acid phosphatase test. Reference line: equal prior probability of finding and not finding spermatozoa. Table 2 
DISCUSSION
Although sensitivity and specificity are both important parameters in the evaluation of screening tests, their evidentiary meaning in forensic practice often is not. This is especially true for semen detection tests when microscopy is taken as the end criterion. First, the microscopical finding of spermatozoa inevitably implies the presence of semen and, although no forensic investigator would look for the confirmation of a positive microscopical result by performing some other test, the sensitivity reflects the probability of a positive test in samples with a positive microscopical result [Se = P(T+ given M+)]. Second, zinc and acid phosphatase are constituents of the seminal plasma and spermatozoa may not be present in a semen sample owing to a number of reasons. The specificity of the tests under study, therefore, is not exclusively related to the bias originating from nonseminal zinc and acid phosphatases or other interfering elements but also to the black number of negative microscopical findings in semen-bearing specimens, making the contents of the specificity [Sp = P(T-given M-)] ambiguous. As semen detection tests should only be regarded as first filters to distinguish the samples holding high expectations from those that probably will be negative, the evaluation should focus on the ability to rightfully predict the outcome of the end criterion [P(M+ given T+) and P(M-given T-)]. For this, however, the prevalence of the end criterion should be known or at least fairly well estimated.
In the present study, two approaches have been used to deal with the latter problem. The first was to calculate the predictive values of the tests under study for all possible prior probabilities of finding spermatozoa. The zinc test then shows to be superior to the acid phosphatase test, as both its positive and negative predictive values are systematically higher. In addition, up to a prior probability of finding spermatozoa of ~72%, a negative zinc test result is more predictive than a positive one. When test combinations are taken into consideration, the negative predictive values of the parallel combination of the zinc and acid phosphatase tests are higher than those of the zinc test alone. One could therefore conclude that for the greatest part of the theoretical prior probability range of finding spermatozoa, a parallel combination of the tests that focuses on negative results (exclusion strategy) may be the method of choice. Only when the prior probability of finding spermatozoa is felt to be very high (e.g., because of another preliminary selection of samples by other methods), a serial test combination focusing on positive results (inclusion strategy) may be an alternative, although the gain is minimal when compared with the zinc test alone. The second approach has been to set the prior probability of finding spermatozoa at the highest uncertainty level of P = 0.5 (Bayes' postulate of neutral prior probability). This situation, with equal chances of finding or not finding spermatozoa, falls within the range where the parallel combination of the tests focusing on negative results (exclusion strategy) is the most predictive. The application of this model to a set of evidentiary materials from alleged sexual assaults showed that the predictions were fairly good and that the negative predictions from the test combination strategies were correct.
